Abstract: The Working Group for the Proliferative Lesions of the Kidney in Rats and [175][176][177][178][179][180][181][182][183][184][185][186][187][188][189][190] 
Introduction
Renal tumors in rats and mice can be classified into three broad categories depending on whether their cellular compositions such as the epithelium, connective tissues, or primordial embryonic tissues. Renal tumors in rodents, particularly rats, have been induced by the exposure to a variety of agents, namely chemical carcinogens, irradiation or oncogenic virus 1, 2 , whereas their spontaneous occurrence is rare. On the other hand, the possibility that chronic treatment with some nephrotoxic chemicals lead to renal neoplasm development could not ruled out [3] [4] [5] . Therefore, the underlying renal tumor development is important not only for the research on renal carcinogenesis but also the aspects of toxicologic pathology. So far diagnostic criteria for renal proliferative lesions in rodents have been published in several textbooks on tumor pathology in rats and mice 1, 6, 7 , but their nomenclatures are not always the same. In 2000, the working group of Society of Toxicologic Pathology (STP), World Health Organization (WHO)/International Agency for Research on Cancer (IARC)/Registry of Industrial Toxicology Animal Data (RITA) and North American Control Animal Database (NACAD) (http:// www.toxpath.org/) has proposed the recommendation of international harmonization of rat nomenclature of the urinary system, kidney.
In 2001, the Japanese Society of Toxicologic Pathology (JSTP) decided to establish "the Working Group for the Proliferative Lesions of the Kidney in Rats and Mice" as the special issue on the Continuing Education Program for toxicologic pathologists in Japan, since the Educational Committee of JSTP felt that there are still several points that need to be clarified in the internationally harmonized nomenclature recommended. The Working Group consisting of two pathologists from the academia, two from the non-profit organizations and two from the private c o n t r a c t o r p h a r m a c e u t i c a l l a b o r a t o r y b r o u g h t histopathological specimen as well as literatures on renal proliferative lesions in rats and mice, and met 5 times by November 2001 to discuss diagnostic problems that are different from the nomenclatures of renal proliferative lesions in rats recommended by the groups of STP, WHO/ IARC/RITA and NACAD. The outcome of the discussion of the Working Group was presented in the second meeting for the Continuing Education Seminar for Toxicologic Pathologists on November 29, 2001 in Nagoya.
In this report, we introduced pathobiological features of renal tumors focusing on epithelial and primordial embryonic ones, because they are rather common in rodents. Then, we proposed our modified classification and nomenclature of renal proliferative lesions based on the histological and cytological features on their lesions collected by the Working Group of the JSTP. Additionally, some comments were made on crucial problems for the diagnosis of renal lesions, such as distinction between regenerative renal tubules and atypical hyperplasia in chronic progressive nephropathy and their interpretation. Finally, we compared our classification with the final recommendation of international harmonization of rat nomenclature of the kidney proposed by the groups of STP, WHO/IARC/RITA and NACAD in 2000.
Results and Discussion

Morphological features of renal epithelial proliferative lesions
Renal proliferative lesions derived from tubular epithelial cells are classified into two types by histological and cytological aspects, the latter being based on intensity in hematoxylin-eosin staining.
1) Histological classification
Histologically, epithelial preneoplastic and neoplastic lesions are classified into two types, epithelial and tubular types (Fig. 1) .
(1) Epithelial type (Plates 1 and 2): This type was the most common change in renal epithelial lesions observed in both chemical-induced and spontaneous cases. It was characterized by intra-tubular proliferation of epithelial cells with papillary, solid, cystic or mixed growth (Fig. 2) . (2) Tubular type (Plate 1D) : The lesion of this type was found as a focal proliferation of epithelial or oval like cells consisting of small tubules or tubule-like structures in the interstitial tissue without obvious compression of surrounding tissue, but the lesions never proliferated within the tubules (Fig. 1) . The lesion was observed in the severe damaged kidney where normal architecture was almost destroyed. Some nephrotoxic chemicals are known to induce the lesion although spontaneous occurrence of the lesion is rare except for severely affected kidney with aging such as advanced chronic progressive nephropathy 3, 5 . Histogenesis of this type cell remains to be unclear, however this lesion has been considered to have the multi-potent capability to differentiate to tubular or proximal tubular epithelial cell 3 . Interestingly, it was also observed in the chronic dialysis kidney in humans, indicating that histogenesis of this lesion might be common in humans and rats, although further investigations are required for underlying histogenesis of this lesion.
2) Cytological classification
Based on cytological aspect using hematoxylin-eosin staining, epithelial type described above could be subclassified into three patterns, basophilic (sometimes eosinophilic) cell, clear cell or oncocytic types. 
Histochemical and immunohistochemical characteristics in renal epithelial proliferative lesions (Plate 3)
G e n e r a l l y , t h e o v e r a l l h i s t o c h e m i c a l a n d immunohistochemical characteristics in preneoplastic and neoplastic lesions correspond to those of normal cell counterparts in many aspects. Similarly, it has been reported that alterations of certain enzyme expression in the kidney are evident with renal tumor development 8 . Therefore, the detection of enzymes expressed specially in the renal tubular epithelium would be a useful tool for determination of the histogenesis of renal proliferative lesions. The distribution of the enzymes located in the renal tubular cell is schematically demonstrated in Fig. 3 . The activities of the enzymes concerning glycogen metabolic pathway including succinate dehydrogenase (SDH) and glucose-6-phosphase dehydrogenase (G6PD), and also γ-glutamyl transpeptidase (GGT) which is distributed in brush border of proximal epithelial cells can be measured as parameters to demonstrate phenotypic cellular changes. Periodic acid Shiff (PAS) reaction is also a useful histochemical tool to detect the presence of brush border in the proximal epithelium. In addition, Tsuda and his co-workers examined following enzymes as additional parameters: Carbonic anhydrase type II (CA), a marker of lower nephron segments, especially collecting ducts, and cytochrome oxidase (CytOx), a final enzyme of the mitochondrial respiratory chain 9 . These enzymes were clearly positive in the distal and collecting tubules but not in the proximal tubules.
The histochemical and immunohistochemical features of normal renal tubules and renal epithelial tumors including preneoplastic lesions induced by N-nitrosomorpholine (NNM) or N-ethyl-N-hydroxyethylnitrosoamine (EHEN) in rat are shown in Table 1 , which is referred to the data reported by Tsuda et al. 8, 9 . Basophilic/eosinophilic epithelial proliferating lesions pr o v e d to b e st r on g ly p os it iv e f or G 6P D, wh il e demonstrating a reduction or loss of GGT and SDH compared with controls and the surrounding proximal or distal tubules. The result suggests that an increased pentose phosphate pathway and glycolysis characterize basophilic/ 
GGT SDH G6PD
HE G6PD SDH A B eosinophilic proliferative lesions with a corresponding reduction in mitochondrial respiration. On the contrary, in most oncocytic epithelial proliferative lesions, the activity of G6PD was declined, but the lesion was intensely positive for SDH, indicating an increase of activity of the mitochondrial respiration and a marked reduction in the activity of the key e n z y m e o f t h e p e n t o s e p h o s p h a t e p a t h w a y . On the double staining methods using PAS and CA or CytOx and stereological reconstruction of these lesions, basophilic/eosinophilic cell type lesion showed positive to PAS and transition to the proximal tubules. In the previous report by Tsuda et al., clear cell type was mostly positive to CA and CytOx and showed transition to both the distal and the collecting ducts. However, only one case showed transition to the proximal tubule, indicating that the origins of renal cell neoplasia for their clear cell counterpart are either proximal or distal tubules 8, 9 . All oncocytic type was positive for CA and CytOx showing transition to the collecting tubules. Based on these histochemical and immunohistochemical features, the Working Group concluded that since epithelial proliferative lesions, such as basophilic/eosinophilic cell, oncocytic or clear cell type, are different in their cytochemical pattern and histogenesis, the cell origin of renal proliferative lesions can be clarified by the conduct of these histochemical techniques.
Criteria of classification of epithelial proliferative lesions in the kidney (Plate 4)
Based on the discussion on the histological specimen and literatures collected in the working group, the following classification was proposed by the Working Group:
1) Hyperplasia, renal tubule, atypia
This lesion can be also called as altered focus, atypical tubule, or atypical hyperplasia. As diagnostic features, it is characterized by focal proliferation of epithelial type-tubules (basophilic/eosinophilic, clear cell or oncocytic) with atypia. This lesion develops in the renal tubules with papillary, solid or cystic formation but does not have any compression of the surrounding tissues. Another type of atypical hyperplasias is called as focal proliferation of tubular type-tubules. It is a focal proliferation of epithelial or oval like cells consisting of clusters of small tubules or tubule-like structures in the interstitial tissue, without any proliferation within the tubules. CA C 
Abbreviations: -; negative, ±; weakly positive, +; moderately positive, ++; strongly positive, a; brush border, ↑/→/↓; increase/ no change/ decrease as compared to surrounding normal tubules SDH; succinate dehydrogenase, G6PD; glucose-6-phosphate dehydrogenase, GGT; γ-glutamyl transpeptidase, CA; carbonic anhydrase type II, CytOx; cytochrome c oxidase As the differential diagnosis, any compression of the surrounding tissue can not be detected in hyperplasias. As non-neoplastic lesions, simple hyperplasia is usually observed in regenerating kidneys. This simple hyperplasia is not accompanied by cytological or histological atypia in its cytoplasm.
As pointed out by the Working Group, all members felt that simple hyperplasia is a result of a reactive or regenerative change of damaged renal tubules 10 . Prolonged damage in the tubules might result in simple hyperplasia n a m ed a s " r e g e n e r a t i v e r e n a l t u b u l e " , w h i ch is distinguishable from atypical hyperplasia, since simple hyperplasia is usually accompanied by thickening of the basement membrane surrounding the affected tubules. This simple hyperplasia was frequently observed in the severe damaged kidney such as chronic progressive nephropathy (CPN) or chemical-induced cases (see below). On the other hand, atypical hyperplasia is often found as earlier changes of renal tumor development. Therefore, the Working Group emphasized that increased number of these atypical hyperplasias should not be missed in routine examinations.
In addition, it was recommended that chemically-induced atypical renal hyperplasia should be sub-classified into three cell types depending on their cytological cell type described above, since the sub-classification might be useful to check and identify the occurrence of compound-related changes.
2) Adenoma, renal tubule
Adenoma is characterized by focal proliferation of atypical epithelial type-tubular epithelium (basophilic/ eosinophilic, clear cell or oncocytic) with compression of the adjacent parenchyma. As the differential diagnosis between atypical hyperplasia and adenomas, multi-layered cell linings or two or more directed papillary growth with vascular-connective tissues are detected in adenomas of papillary, cystic or mixed type, but not in atypical hyperplasias. The Working Group had a opinion that it is difficult to make a diagnosis of adenomas based on the size of proliferative lesions, but proposed that in adenomas of solid type, the size exceeds more than three normal renal tubules. In addition, the Working Group emphasized that structural atypia is the good criteria for the diagnosis of 
B
adenomas.
As the comments pointed out by the Working Group, the members felt that it was not necessary to distinguish adenomas of the tubular type from the epithelial type, since morphological features of the adenomas advanced from hyperplasia of the tubular type was very similar to that of epithelial type and not distinguished between them. In addition, the Working Group recommends that chemicalinduced adenomas should be sub-classified into the three cell types depending on their cytological cell type described above, since the sub-classification might be useful to check and identify of the compound-related tumors.
3) Adenocarcinoma, renal tubules
Adenocarcinoma, renal tubule should be diagnosed compositely by combination of the following features: 1) Metastasis or invasive growth to the lungs or other organs is observed; 2) Mitotic figures are more frequent (for example, ten or more mitotic figures are detected at 200 times magnification); 3) Areas of hemorrhage or necrosis might be present; 4) Presence of pleomorphic or anaplastic cells.
As the comments of the Working Group, it was emphasized that tumor cells showing cellular atypia are not al w a y s i n cr ea s e d t h ei r p r o l i f e r a ti n g a c t iv it y i n immunohistochemical examinations using anti-proliferating cell nuclear antigen. Therefore we have to take into account that pleomorphism might not be essential feature of malignancy (Plate 5).
Nephroblastoma and Mesenchymal tumor
Since there were confusions between nephroblastomas and renal mesenchymal tumors in an exact differential diagnosis, the Working Group proposed the following 
1) Nephroblastoma (Plate 6)
As the most important diagnostic features, the Working Group had a unanimous opinion that blastemal cell is essential component, and fetal glomerulus, fetal renal tubule, or organoid differentiation into other epithelial cells can be observed.
As the comments from the Working Group, the members pointed out that ciliated columnar epithelia similar to the duct of epididymis or the oviduct, both originating from the mesonephric tubules, frequently appears as the associated tissue other than the fetal glomerulus or renal tubules in spontaneous cases of non-treated rats. In addition, the members added that classification into the blastemal mesenchymal and epithelial types should be made depending on each dominant cell component.
2) Renal mesenchymal tumor (Plate 7)
As the most important diagnostic criteria, the Working Group had the same opinion that instead of blastemal cells, more than two components of mesenchyma-derived cells including a collagenous fiber, bone tissue, muscle fiber and/ or fatty tissue should be observed in renal mesenchymal tumors.
Problems on the diagnosis of renal proliferative lesions in rats.
As described below, the Working Group picked up several diagnostic problems on renal proliferative lesions that were proposed in the International Harmonization of Rat Nomenclature of the Kidney.
1) Bowman's capsular hyperplasia (Plates 8A and 8B)
Bowman's capsular hyperplasia should be carefully diagnosed by distinguishing from cuboidal epithelial cells of the Bowman's capsule, a kind of herniation, which is known as a physiological feature in male rats. In cases of observing hyperplasia of the adjacent proximal tubules, we should not record them as Bowman's capsular hyperplasia, but should be recorded as hyperplasia, renal tubule.
2) Classification of renal tubule hyperplasia (Plates 8C, 8D and 9):
According to the recommendation of International Harmonization of Rat Nomenclature, renal tubule hyperplasia was classified into simple (non-neoplastic) and atypical types (pre-neoplastic). Generally, simple hyperplasia of renal tubules is often seen as a reactive lesion associated with ruined renal failures or an associated lesion of an aged-related chronic progressive nephropathy (Plates 8C and 8D) 10 . The Working Group proposes that the simple type of renal tubular hyperplasia in CPN is the renal tubular reactive changes including regeneration and should be included in the lesion of CPN, we recommend that only the atypical type of renal tubular hyperplasia (pre-neoplastic)
should be recorded as "Hyperplasia, renal tubule, atypia" (Plate 9) in CPN. Proliferative lesions of the kidney, especially atypical hyperplasia, renal tubule, tend to increase in their occurrence with aging. However, concurrent occurrence of renal tumors and CPN in spontaneous cases is not common, suggesting that all atypical tubular hyperplasias would not progress to the tumor development, as demonstrated in the case of spontaneous liver proliferative lesions in rats.
3) Intralobar nephroblastematosis as the precursor of the nephroblastoma (Plate 10)
Persistence of the embryonal tissue in the kidney of a human is known as nodular renal blastema or the nephroblastematosis. These lesions are considered to be related to the tumorigenesis of nephroblastomas in human. The similar lesion was recently reported in the rats as "intralobar nephroblastematosis" 11 . The recognition that an intralobar nephroblastematosis is the precursor of the nephroblastomas is necessary.
Conclusion
The Working Group of JSTP for the proliferative lesions of the kidney in rats and mice recognized that both of spontaneous and chemical-induced lesions could be categorized by the use of the same diagnostic criteria and classification based on cytological characteristics as described above. The results of histochemical and immunohistochemical examinations indicate that the origins of epithelial proliferative lesions are proximal tubules for basophilic cell type, either proximal or distal renal parts for their clear counterpart, and collecting ducts for oncocytic ones, whereas the origin of clear cell type is still controversial. Based on the discussion, we recommend that modified classification of renal proliferative lesions (Table  2) , and our comments to the final recommendation of International Harmonization of Rat Nomenclature of the Kidney proposed by the group of STP, WHO/IARC/RITA and NACAD in 2000 were shown in Table 3 . Among these comments, what we intend to point out is that simple hyperplasia observed in chronic progressive nephropathy (CPN) should be considered as a sequential alterations of CPN, and should not be diagnosed as independent findings of CPN. Therefore, it is recommended that only the atypical type of renal tubular hyperplasia (pre-neoplastic) should be recorded as "hyperplasia, renal tubule, atypia". In addition,
we presented a new category of renal tubular hyperplasia that is classified into epithelial or tubular types, and it was emphasized that especially the latter should not be overlooked in routine examinations for carcinogenicity studies. As described above, there are still several points that need to be clarified in the internationally harmonized Plate 9. Hyperplasia, renal tubule, atypia. Cellular atypia was found, and number and cell density of renal tubule were increased with multilayered structure. These lesions also associated with aging chronic progressive nephropathy. These lesions were classified into epithelial type (A-E) and tubular type (F). Note that F is similar to Plate 1D. A-F, spontaneous cases. HE stain. nomenclature recommended. Further collaborative studies tak ing in to a c co un t o ur c o mm e nts a nd m od ifie d classification are necessary for the better internationally harmonized nomenclature of renal proliferative lesions in rodents.
